This study was conducted to investigate the effect of the addition of Hizikia fusiforme, Capsosiphon fulvescens, and Undaria pinnatifida sporophyll on the antioxidant and inhibitory potentials against key enzymes related to type 2 diabetes of a commercial vegetable extract. The nutritional quality and mineral concentration of a vegetable extract with seaweeds added were also analyzed. The addition levels of seaweed did not influence the proximate composition, whereas the calcium, sodium, potassium, magnesium, and iron concentrations significantly increased at the 5% Hizikia fusiforme and Undaria pinnatifida sporophyll addition levels. The 20% Hizikia fusiforme addition level significantly increased the total phenolic content and reducing power by 47.08% and 16.82%. The hydroxyl radical scavenging ability of the vegetable extract was not strengthened with the addition of seaweeds. The DPPH radical scavenging activity at the 20% Hizikia fusiforme, Capsosiphon fulvescens, and Undaria pinnatifida sporophyll addition levels significantly increased by 27.47%, 22.25%, and 17.27%, respectively. The vegetable extract with seaweeds added showed higher-level α-glucosidase inhibition activities, accompanied by relatively weaker α-amylase inhibition activity. In particular, at the 5% Undaria pinnatifida sporophyll addition level, the α-glucosidase activity was significantly inhibited by 98.26%. Overall, the results showed that the incorporation of seaweeds into a vegetable extract effectively increased the mineral concentration and improved the antioxidant and inhibitory abilities of the extract on key enzymes linked to type 2 diabetes.
The incidence of diabetes is as high as 10% in Korea and patients with type 2 diabetes account for 90% of diabetic population (1) . Despite much headway in diabetes research, Determination of DPPH radical scavenging activity The tubes were allowed to keep at 100°C for 5 min. Finally the reaction mixture in the tube was diluted with 10 mL of deionized water as it cooled to room temperature. The absorbance was determined at 540 nm and the inhibition ability was obtained using formula (1).
α-Glucosidase inhibition assay
Inhibition effect on α-glucosidase was evaluated by the previously described method (17) with some modification.
0.5 mL of seaweed extract solution prepared by phosphate buffer (100 mM, pH 6.9) was mixed with 0.5 mL of 5 mM p-nitrophenyl-α-D-glucopyranoside (in phosphate buffer, pH 6.9). After incubation at 37°C for 5 min, 1 mL of phosphate buffer solution containing α-glucosidase (0.1 U/mL) was added into test tube at time interval. Finally the absorbance was measured at 405 nm after incubation at 37°C for 10 min and the inhibition ability was obtained using formula (1) .
Statistical analysis
Data were reported as mean±SD. ANOVA followed by
Duncan's multiple range test was conducted using SPSS 21.0 software (SPSS Inc., Chicago, IL, USA) to compare the data.
Results and discussion
Change in proximate composition and mineral content
As shown in Table 2 , there were no significant difference between vegetable extract supplemented with seaweeds and pure vegetable extract for moisture, crude protein, crude fat, crude ash, and carbohydrate content. In contrast, mineral content was meaningfully increased in a seaweed addition level dependent manner. Potassium (K) was the predominant element present in the pure vegetable extract, followed by sodium (Na), calcium (Ca), and magnesium (Mg). The iron (Fe) content was scarce in the pure vegetable extract (Table   3) . Expect for K content of Capsosiphon fulvescens extract, the mineral content of Hizikia fusifor me, Ca psosiphon S0: pure vegetable extract without seaweed; S5: vegetable extract added with 5% seaweed; S10: vegetable extract added with 10% seaweed; S20: vegetable extract added with 20% seaweed; S100: pure seaweed extracts.
2)
HF, Hizikia fusiforme; CF, Capsosiphon fulvescens; UPS, Undaria pinnatifida sporophyll.
3)
Data represent the mean±SD. Previous study (24) in this area had also reported the similar addition effect (7, 14, 21, and 28%) of maca (Lepidium meyenii) on DPPH radical scavenging activity of syrup.
Fig. 2. DPPH radical scavenging activity (%).
S0: pure vegetable extract without seaweed; S5: vegetable extract added with 5% seaweed; S10: vegetable extract added with 10% seaweed; S20: vegetable extract added with 20% seaweed; S100: pure seaweed extracts. Data represent the mean±SD, different letters marked above the same bar means significantly different (p<0.05).
Change in hydroxyl scavenging activity
It can be observed that the hydroxyl radical scavenging activity of vegetable extract was good (53.64%). However, in contrast to the DPPH radical scavenging performance, when adding Hizikia fusiforme into vegetable extract, the scavenging activities on hydroxyl radical were not found to be changed at each addition level (Fig. 3) . Change in reducing power 
